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Purpose: The present study reports a case of encephalitis due to herpes simplex virus-1 (HSV-1), following surgi-
cal manipulation of the site of a primary infection.
Methods: Herpes simplex virus-1 infection was conﬁrmed by CSF PCR and DNA sequencing.
Results: The patient was an 11-year-old girl who required temporal lobe surgery for epilepsy. She had meningo-
encephalitis due to HSV at the age of 20 months, and shewas treatedwith acyclovir. Three years later, the patient
developed uncontrolled seizures that becamemore frequent and changed in character at 11 years of age. On the
12th postoperative day, she developed fever and seizures, and she was diagnosed with HSV-1 by positive CSF
PCR. She was treated with acyclovir (30 mg/kg/day for 21 days). In this report, we describe the patient and re-
view the relevant literature.
Conclusion: The authors stress the potential risk of reactivation of HSV encephalitis after intracranial surgery. Her-
pes simplex virus encephalitis must be considered in neurosurgical patients who develop postoperative seizures
and fever.
© 2014 The Authors. Published by Elsevier Inc. This is an open access article under the CC BY-NC-ND license
(http://creativecommons.org/licenses/by-nc-nd/3.0/).1. Introduction
Herpes simplex virus (HSV) is the cause of themost common formof
nonepidemic viral encephalitis, with an incidence of 2 or 3 cases per
million per year and no seasonal variation [1]. Herpes viruses are char-
acterized by their ability to infect cells and destroy them or remain inac-
tive without causing cell damage. Herpes simplex virus encephalitis
after neurosurgery has been described previously [2–15], including
three cases of HSV reactivation following neurosurgery to treat uncon-
trolled epilepsy in patients with a previous history of HSV encephalitis
[2,3,9]. We report a case of HSV-1 encephalitis, conﬁrmed by CSF PCR
and DNA sequencing, following surgical manipulation of the site of a
primary HSV-1 infection.r the terms of the Creative
Works License, which permits
in any medium, provided the
eção deVirologia, Setor Análises
0, Brazil. Tel./fax: +55 41 3360
. This is an open access article under2. Case report
2.1. History and examination
An 11-year-old right-handed Caucasian female patientwas admitted
with fever and confusion after surgery for epilepsy. Her medical history
was signiﬁcant for an episode of HSV encephalitis at twenty months of
age, which was diagnosed by positive CSF PCR for HSV-1 (Table 1) and
resulted in developmental delay and epilepsy. No additional medical
and surgical history was relevant. The electroencephalogram (EEG) at
twenty months showed dysfunction of the right frontotemporal region.
Magnetic resonance imaging (MRI) revealed a signal change in the right
temporal, insular, and meningeal arteries, with some bleeding and a le-
sion in the left hippocampus. Shewas treatedwith intravenous acyclovir
(30 mg/kg/day for 21 days) and carbamazepine on discharge from the
hospital. The seizures were controlled for 3 years, but in 2007, she
started having complex partial seizures with secondary generalization.
At 11 years of age, her seizures increased in frequency, and the pat-
tern changed, with oculocephalic reﬂex followed by generalized tonic–
clonic seizures and clonic seizures of the eyelids. Despite management
withmultiple antiepilepticmedications, uncontrolled seizures continuedthe CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/3.0/).
Table 1
Cerebrospinal ﬂuid (lumbar puncture) cellular, biochemistry and molecular biology
diagnosis.
CSF 8 months of age 12th POD 16th POD
RBC/mm3 – 5 20
WBC/mm3 ↑ 265 128
Lymphocytes % N50% 99 97
Monocytes % – 1 3
Glucose, mg/dL – 55 59
CSF/blood glucose – 0.4 –
Total protein, mg/dL – 83 51
Microbiological studiesa Negative Negative Negative
PCR HSVb Positive Positive Positive
PCR enterovirus ND Negative Negative
ND — not done.
POD — postoperative day.
a Gram smear, bacterial and fungus culture.
b End-point PCR.
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EEG showed generalized complex partial seizures without lateralization.
Preoperative MRI revealed a lesion in the right temporal lobe: a small
area of encephalomalacia on themedial anterior pole of the right tempo-
ral lobe, involving the temporal amygdala, head of the hippocampus,
parahippocampal gyrus, and part of the right insular cortex, suggesting
residual ﬁndings after a previous ischemic insult.
2.2. Surgery
The patient underwent selective right temporal lobe surgery for ep-
ilepsy: 3.5 cm of the anterior temporal lobe was resected, and
amygdalohippocampectomy was performed, with no complications
during surgery. Anatomopathological study of surgical specimens
showed nonspeciﬁc changes, segmental neuronal losswithin the hippo-
campal subﬁelds, granule cell dispersion, and the presence of diffuse
gliosis associatedwithpyramidal cell loss, consistentwithmesial sclero-
sis. Immunohistochemical reactions with monoclonal anti-HSV-1 anti-
body (Dako) were negative (Fig. 1).
2.3. Postoperative course
No epileptiform activity was detected in EEG recordings after sur-
gery. She was discharged from the hospital on the 4th postoperative
day (POD) in good general condition, with no fever or neurological
symptoms. The surgical wound was clean and dry.Fig. 1. The immunohistochemical reactions with monoclonal antibody anti-HSV-1. A. Re-
actions in the surgical specimens were negative. B. Positive control: reaction of monoclo-
nal antibody with HSV-positive Vero cell culture. The arrow indicates a positive reaction.
Magniﬁcation: 400×.On the 12th POD, the patient developed fever (39–40 °C) and severe
headache, vomiting, and had deteriorating level of consciousness and
worsening of general condition. Neurological examination results were
as follows: sleepiness although obeying commands, Glasgow coma
scale score of 14/15 (eye opening: 4, verbal response: 4, and motor re-
sponse: 6), pupils bilaterally isochoric and reactive to light, neck stiffness,
and spontaneous respiration. An infectious workup, including lumbar
puncture (Table 1) and blood and urine cultures, identiﬁed no bacteria
or fungus. Acyclovir was administered intravenously (15 mg/kg/dose)
for 21 days. Magnetic resonance imaging (MRI) showed sequelae with
hyperintense signal, cavitations, volume loss, and disruption of brain pa-
renchyma (Fig. 2). Cerebrospinal ﬂuid (CSF) analyzed by end-point PCR
was positive for HSV and negative for enterovirus (Table 1). Herpes sim-
plex virus-1 was identiﬁed using sequencing of DNA polymerase UL30.
The patient was discharged from the hospital with no clinical or EEG ev-
idence of seizures and was on the following antiepileptic drugs:
divalproex sodium (13.5 mg/kg/day; TID), carbamazepine (15 mg/kg/
day; TID), and clobazam (0.25 mg/kg/day; once daily).
2.4. Follow-up
The patient was monitored in the epilepsy outpatient clinic and
maintained on anticonvulsant therapy: divalproex sodium (13.5 mg/
kg/day; TID) and carbamazepine (15 mg/kg/day; TID).
3. Discussion
The present study reports a patient with a recurrence of HSV-1 en-
cephalitis, following temporal lobe surgery for epilepsy.
Postoperative infections that occur as complications of neurosurgical
procedures are usually bacterial in origin and include meningitis, sub-
dural empyema, and cerebral abscess [16]. Viral encephalitis complicat-
ing the early postoperative course is rare, and diagnosis of postoperative
HSV encephalitis is difﬁcult because the clinical features can mimic
other more common postoperative complications. Review of the litera-
ture revealed three cases of reactivation of HSV following epilepsy sur-
gery in patients with a previous history of HSV encephalitis [2,3,9] very
similar to the case reported in the present study. Neurosurgerywas per-
formed at the site of the previous encephalitis,which raises the possibil-
ity that surgical manipulation caused reactivation of the infection. Cases
of HSV reactivation without a previous history of HSV encephalitis have
also been reported [4–7,10,13]. Herpes simplex virus-1was identiﬁed in
the present case, which is common in most reported cases ofFig. 2. MRI image, coronal, FLAIR (ﬂuid acquisition inversion recovery) sequence. TR:
11,000 ms; TE: 140 ms; FOV: 220 mm2. Showing sequelae: area of hyperintense signal,
with cavitations, volumetric loss, and disruption of brain parenchyma.
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In some of the abovementioned cases, surgical manipulation occurred
far from the previous encephalitis site, which leads us to hypothesize
that stress due to surgery or use of corticosteroids could also be related
to HSV reactivation [11].
In all reported cases with a previous history of HSV encephalitis, in-
cluding the case reported here, the elapsed time after HSV encephalitis
varied from 14 months to 10 years [2,3]. The appearance of the early
signs of encephalitis in the postoperative period usually occurs in the
ﬁrst two weeks (mean ± SD, 10 ± 7; median, 9; IQR, 5–16.5; range:
1–21 days). The immunohistochemical reactions with monoclonal
anti-HSV-1 antibody in the surgical specimenswere negative, indicating
later reactivation of the infection following the surgical manipulation.
The reasons for HSV recurrence are poorly understood. Risk factors
include stress, trauma, bacterial infections, exposure to ultraviolet radia-
tion, andmenstruation [17]. In the case reported here, the right temporal
lobe was the site previously affected by HSV, and surgical manipulation
could have been the main trigger, although stress due to surgery or use
of corticosteroids might also be implicated.
Latency is a characteristic of the herpes virus family. Herpes simplex
virus establishes a latent infection within sensitive neurons that inner-
vate the site of the primary infection [18]. Transcription of the viral ge-
nome depends on a speciﬁc cellular protein of octameric structure
known as Oct-1 that is present in most human cells. However, some
neurons express the Oct-2 protein, which restrains the transcription of
speciﬁc purinic and pyrimidinic bases, preventing the reactivation of la-
tent strains of HSV. The predominance of the Oct-2 protein depends on
neuronal growth factor (NGF). Herpes simplex virus recurrence after
tissue injury can be caused by a decrease in the level of NGF in neurons
expressing Oct-2, allowing Oct-1 to prevail and, consequently, the tran-
scription of the HSV genome [18]. Thesemechanisms can be involved in
the reactivation of HSV following epilepsy surgery [1].
Herpes simplex virus encephalitis must be considered in neurosur-
gery patients with postoperative altered state of consciousness, sei-
zures, and fever. Polymerase Chain Reaction (PCR) is the method of
choice for diagnosis of HSV encephalitis. It is positive 24–48 h after the
commencement of symptoms and remains positive 2–5 days after treat-
ment. The sensitivity of conventional PCR is 98%, speciﬁcity 94%, posi-
tive predictive value 95%, and negative predictive value 98% [19].
Acyclovir is the treatment of choice for HSV encephalitis. Its mecha-
nisms of action include competitive inhibition of viral DNA polymerase,
incorporation into and subsequent termination of the growing viral
DNA chain, and inactivation of DNA polymerase [17]. Adequate prophy-
lactic administration of acyclovir has been proposed by some authors
for neurosurgery that involves the site of a previous herpetic lesion [2,
20]; however, the following points should be considered: reactivation
following neurosurgery is a very rare event, acyclovir only acts on repli-
cating viruses and not latent viruses, and acyclovir crosses the blood–
brain barrier and easily reaches therapeutic levels in the brain. Concen-
trations in the CSF are approximately 50% of plasma values. Plasma pro-
tein binding is relatively low (9–33%), and drug interactions involving
binding site displacement are not anticipated. Although it is a very
safe drug, side effects have been described, including neurological
symptoms. Acyclovir resistance is uncommon. It is usually only seen in
immunocompromised patients with multiple recurrent herpes lesions
and past treatment with acyclovir and results from changes in viral thy-
midine kinase or DNA polymerase [17]. A primary genetic immunodeﬁ-
ciency can predispose individuals to HSV infection [21,22]. Identifying
those at risk could help to select patientswithpreviousHSVencephalitiswho would beneﬁt from prophylactic therapy when undergoing
neurosurgery.
4. Conclusions
The potential risk of reactivation of HSV encephalitis after intracrani-
al surgerymust be considered in neurosurgery patients with postopera-
tive altered state of consciousness, seizures, and fever. The prophylactic
use of acyclovir needs further evaluation, and research and consensus in
this area are needed to delineate best practice for prophylaxis.
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